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5 UPPER GEARSET SUPPORT FOR MARINE 

STERN DRIVE UNIT AND METHOD OF MODIFICATION 
This application is a continuation -in-part of Serial No. 09/678,154, filed October 2, 
2000, entitled: "Uppercase Housing Support Tower For Marine Drive Unit." 

f|5 Field of the Invention 

SJ The present invention relates to a power transmission system and more particularly 

relates to a support in the upper case housing of a marine stern drive unit which supports the 
upper gearset and vertical drive shaft to enable the stern drive unit to transmit increased torque 

o 

fll and horsepower. 

jl5 

fU Background of the Invention 

Stern drives for boats are well known and are popular among boat enthusiasts and the 
marine work force as well. Typical of these are units such as the Bravo 1, 2, 3, X, XZ and XR 
manufactured by Mercury Marine (Brunswick Corporation). Conventional stern drive units 
20 consist of an upper gear case housing which mounts on the transom of a boat for pivotal 

movement about a generally vertical steering axis. The stern drive unit also pivots about a 
generally horizontal pivot axis so the unit may be lifted or trimmed out of the water for 
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inspection and trailering. The engine is normally mounted at the rear of the boat adjacent the 
transom. A shaft extends from the engine coupler through a gimbal bearing mounted in the 
transom assembly and connects to a U-joint which, in turn, connects to the input yoke shaft. 
The input shaft is connected to the pinion gear of the upper unit. The upper pinion gear, in 
turn, selectively drives the forward and reverse driven gears on the upper gearset A clutch 
and spring assembly are stationary with the shift fork assembly centered around the clutch. 
The upper drive shaft extends through the center of both the forward and reverse driven gears. 
The clutch and spring are part of a gear, clutch, spring, and shaft assembly. 

When the shift fork is moved by the shift cable, the clutch spins up or down on spiral 
splines on the shaft and engages a cup on top of the driven gear, which, in turn, engages the 
upper vertical drive shaft located in the upper case housing and which connects to lower gear 
case vertical shaft. 

The lower gear case vertical shaft is supported by roller or needle bearings with race 
cups, a tab washer, pre-load shims, a pre-load spacer and O-ring above the bearings. Pinion 
gear height adjustment shims are located beneath the bearings. At the bottom of the lower 
case is the lower pinion gear. Power is transferred to the lower driven gear which, in turn, is 
splined to the horizontal propellor shaft which is supported by a bearing carrier that is held by 
a carrier nut. The propellor slides on the spline of the propellor shaft aft end and is held in 
place by the propnut and washer. 

A significant problem with stern drive units of the general type described above is that 
the transmission provided by the original equipment manufacturers (OEM) of such units are 
limited in their power transfer capacity. If the boat owner wishes to modify or replace the 



marine engine increasing its torque, performance and horsepower, the transmission (upper 
gear, clutch, spring, bearing and shaft assembly) may be incapable of transmitting the 
increased horsepower and torque from the engine to the propeller shaft and propeller without 
damage to the transmission or the upper gear case housing support structure. Often the 
damage occurs to the transmission components such as fracturing of the upper gear case 
housing structure support. Another common problem is gear backlash due to the upper gear 
case housing flexing from increased torque, horsepower, heat growth factors and increased 
shock load and RPM. Such failures can be very expensive to repair requiring substantial 
replacement of the stern drive unit components, particularly the upper gear case housing and 
transmission assembly. 

In view of the foregoing, there exists a substantial need for an improved stern drive 
unit which will accommodate increased engine power, torque and performance, and which can 
be provided both as an OEM boat builder option or an after-market unit. 

Brief Summary of the Invention 

Briefly, the present invention provides a support for the drive shaft and upper gearset 
of a marine stern drive unit. The support includes a generally axially extending tubular body 
member which is threaded at least at one end to receive a first threaded retainer. A second 
threaded retainer is provided on the body spaced from the first threaded retainer. The second 
retainer may be fixed or threaded. The tubular member has an upper gearset mount at its 
upper end which may be a bearing cup or a conical bore which extends partway into the 
vertical bore in the support. Bearings, such as roller bearing, needle bearings, tapered roller 
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bearings or 4-angle contact ball bearings are pressed, or otherwise secured, at the upper end of 
the tubular member. The support is installed into a stern drive unit by removing the top cover 
to provide access to the vertical shaft. The vertical drive shaft is removed and the support is 
inserted from the top. Some modification of the upper case may be necessary. The support is 
5 secured by tightening one or both of the retainers bringing them into clamping engagement 

with the surfaces of the case. The threaded retainers may be a spanner nut on the lower end of 
the support or may be an upper retainer threaded to the upper end of the support. 

A flange or floor extends from near the upper end of the support body. The support is 
further secured by inserting a fastener, such as a set screw, through a bore in the floor with the 

KISS 

So set screw engaging a component or structure of the upper drive shaft housing. The drive shaft 

fy and other components such as the U-joint assembly, top cover and the like can then be 

08 installed completing the installation. The upper gearset mounts on the upper end of the 

L, support and is coupled to the upper shaft which carries the clutch and gearing. Mounting the 

f=S gearset on the support will increase the capacity of the drive by a factor of up to three. 

Hi 5 Preferably the support is fabricated from a high quality aerospace alloy such as 300m for 

much greater shock loads, but can be manufactured from 4140 or 4130 chrome moly steel. 

The method involves removing the existing components, modifying the case as 
required and installing the support, drive shaft, clutch, gearset, bearings and other 
components. The support when installed is retained in engagement with the casing and 
20 extends substantially the length of the upper case housing. 
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Brief Description of the Drawings 

The above and other objects of the present invention will be better understood from 
the following description and claims in which: 

Figure 1 is an exploded view showing the basic components of a stern drive unit and 
5 the installed position of the upper gearset support of the present invention; 

Figure 2 is a perspective view of the upper gearset support of the present invention; 

Figure 2 A is a top view of the support of Figure 2; 

Figure 3 is a cross-sectional view showing the support installed in the upper case; 
Figure 4 is a detail view of the lower end of the support; 
pjo Figure 5 is a cut-away view; 

fy Figure 6 is a perspective view of an alternate embodiment of the support of the present 

80 invention; 

Figure 7 is a cross-sectional view of yet another embodiment of the support; 
JiJ Figure 8 is a cross-sectional view of another embodiment in which the upper bearings 

f~j 5 are retained in a bearing cup; 

Figure 9 illustrates the machining modifications that may be necessary to install the 
support in an existing stern drive unit; and 

Figure 10 illustrates the machining modifications that may be necessary to install the 
alternate embodiment of Figure 8 in an existing stern drive unit. 

20 
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Detailed Description of the Invention 

Turning now to the drawings, a stern drive unit 1 0 is shown in Figure 1 . The stern 
drive unit 10 is representative of the Bravo stern drive units manufactured by Mercury Marine. 
Stern drive units 10 of this type have an upper gear housing 12 which is adapted to be 
mounted on the transom of a boat at a bracket, not shown. Access is provided by cover plate 
13. The upper gear housing 12 along with the lower gear housing 14 are pivotal about a 
generally vertical axis in order to steer the craft. The stern drive unit is also vertically pivotal 
so that it may be tilted to a position out of the water when not in use or for trailering, service 
or inspection. 

A U-joint assembly 15 has a shaft 16 which is coupled to an engine within the boat, 
not shown. The outer end of the U-joint assembly is provided with a straight tooth gear 1 8 
and which, through a clutch assembly 17 and upper shaft 20, imparts rotation to vertically 
extending drive shaft 19. The drive shaft 19, when installed, is coupled to an upper drive 
shaft 20 by a coupler 23 which is driven by the shaft 20. The drive shaft assembly includes a 
spanner 60, pre-load shim 61, washer 62, bearing and race assembly 64 and lower shim 65. 

The lower end of the drive shaft 19 is received within the lower gear housing 14 
which, as mentioned above, is affixed to the upper gear housing for common movement 
therewith. A propeller shaft 67 is driven by a lower pinion drive gear 68 and pinion 69 carried 
on splines on the propeller shaft. The outer end of the propeller shaft carries a propeller with 
the propeller shaft being rotatably driven by a gear on the lower end of the vertical drive shaft 
which engage a gearset on the propeller shaft. 



The vertical drive shaft is held in place by bearings 66 located in the lower gear 
housing, such as tapered roller bearings and races. The above installation and environmental 
description of a stern drive unit is provided to assist in the understanding of the present 
invention. 

As indicated above, the conventional stern drive transmission is adequate in many 
instances but is insufficient for applications in which the marine engine is a high performance 
engine. Accordingly, the present invention provides a support for the vertical shaft 19 and the 
upper gearset 17 which support can be readily positioned within the upper drive shaft housing 
and which will support the upper gear and clutch assembly to allow the stern drive to transmit 
greater horsepower and torque to the propellor due to the reduction of radial and axial gear 
and gear case movement. 

Turning to Figures 2 to 5, the gear and shaft support 24 of the invention has an axial 
body 26 which defines an axially extending bore 28. The length and inner and outer diameters 
body are selected in accordance with the physical dimensions of the drive unit in which the 
support is to be installed. Typically for installation in drive units such as a Bravo 1, 2 or 3, 
manufactured by Brunswick Corporation, the outer diameter of the body will be 1.450" to 
1.800" and the overall length 10.250" - 10.750". The length is sufficient so the lower end of 
the tube will depend into the lower case as seen in Figure 4. 

The upper end 27 of the body is machined on its O.D. at 3 1 to accept a ball bearing or 
a caged needle bearing race on the bottom gear of the upper gear and clutch assembly 
therefore providing support for both the upper gearset and clutch assembly and the upper drive 
shaft assembly. 



As best seen in Figure 3, the upper end 27 of the body 26 is also provided with an 
internal conical tapered section 30 which extends to a shoulder 36. A bearing assembly 38, 
such as ball bearings, or as shown, needle bearings or caged needle bearings, are pressed into 
the area below the shoulder to receive and support the outer diameter of the inserted drive 
shaft 19. 

The lower end of the axially extending body 26 is provided with external threads 39. 
A retainer shown as spanner nut 40 is threaded and is engageable with the threads 39 so that 
when the support is inserted into position in the upper housing, as shown in Figures 3, 4 and 
5, it is secured at its lower end by engaging the retainer 40 about the threads 39 and tightening 
it until the retainer engages the internal structure of the case, such as the stepped surface 52 of 
the upper drive housing as seen in detail in Figure 4. It will be noted that lateral motion is 
resisted by the engagement of the periphery of the retainer 40 in the lower case 14. An O-ring 
seal 60 is also installed. The lower end of shaft 1 9 is connected to the lower pinion gear 68 
and the shim 65, lower bearing 64, pre-load shim 61 installed. The lower pinion gear drives 
gear 69 on the propeller shaft 67. 

A circular flange or floor 42 is spaced from the upper end of the body and is located to 
seat on a surface 47 of the upper drive shaft housing as shown in Figure 3. The support is 
secured against rotation by means of a retainer, such as set screw 46, which extends within a 
bore 48 in the flange 47. The set screw will engage surface 47 of the upper case structure. An 
additional bore 50 may be provided in the flange 42 which may serve as a lubrication transfer 
port. Additional oil ports 54 may also be provided at locations along the body. 



Once in position, the re-assembly is completed by installing the upper gear and clutch 
assembly 17 onto the support, connecting the U-joint assembly to the drive shaft via the upper 
shaft and replacing other components including the cover unit. When installed, the upper gear 
and clutch assembly will allow use of higher performance or higher rated marine engines. 

Normally some minor modification of the upper housing is required which involves 
machining away some sections of the housing casting to accommodate the support. Figure 9 
illustrates machining cuts A, B, C and D which are represented and are necessary to install the 
support in a unit such as the Bravo stern drive. The installation should require, but is not 
limited to, three cuts to the surrounding upper case housing. The unit is secured by the upper 
spline and the lower spanner which cooperate with existing structure within the upper gearset 
housing and lower gear housing pre-load requirement. The precise dimensions will depend on 
the unit and the installation will be apparent to those skilled in the art. 

As mentioned above, the gear support housing can be an original equipment item 
installed by the factory or a retrofit item. The particular dimensions will be selected in 
accordance with the physical dimensions of the marine engine in which the support is to be 
installed. The retrofit or aftermarket installation also is a relatively simple procedure which 
requires removal of the cover of the upper gear and clutch assembly. Disassembly also 
includes removal of the drive shaft and U-joint assembly. Thereafter, the upper gear and 
clutch assembly support 24 can be installed in the upper drive shaft housing as described 
above. 

Multiple tests on a stern drive unit, such as a Bravo, have demonstrated the 
effectiveness of the support. The conventional factory unit will accommodate up to 



approximately 400 horsepower. The factory unit was modified by removing the existing 
components and installing a support unit of the type described above: 

EXAMPLE 

The embodiment of the support is had an O.D. of 1 .50", a main body tube with an 
overall length of 1 0.500", having a conical taper at the top of a bore which was 1 .250". The 
bore stepped to an I.D. of 1 .3 1 5", approximately 1 .75" from the top of the support. A flange 
having an O.D. of 3.210" was located 9.0" from the bottom of the support. The flange rested 
on a machined surface, as seen in Figure 9. The flange 42 was .102" thick. The remaining 
1.200" above the flange measured 1.800". The O.D. accepted a bearing race that supports the 
gearset. These measurements are matched to cuts A - D in Figure 9 and fit Bravo 1, 2, 3, X, 
XR, XZ stern drives replacing cast aluminum with steel or steel alloy. 

The resulting modification increased the capacity of the drive permitting the engine 
horsepower to be increased by as much as 650 horsepower at a cost substantially less than an 
equivalent larger capacity drive unit. 

Turning now to Figure 6, an alternate embodiment of the support is shown and 
designated 124. The support has a tubular body 126 defining a bore 128 extending from the 
upper end 13 1 to the bottom end. The upper end cap 127 has a conical taper 130 extending to 
shoulder 136. When installed, bearings 138 are mounted within the bore spaced below the 
shoulder. 
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The upper end cap carries a circular floor or flange 142 which has a bore 152 for 
receiving a set screw 146. Additional lubrication ports 1 50 may be provided in the floor. The 
floor is secured to structure within the upper case by the set screw. 

The upper end of the body is externally threaded at 156. The upper end cap 127 has a 
cylindrical section which is internally threaded at 154 so the cap may be threaded on the 
tubular body 126. The lower end of the tubular body carries a retainer 140 having an exterior 
surface contoured to engage a surface of the upper case housing, as seen in Figure 4, with the 
exception that with embodiment 124 the retainer 140 is fixed. 

The support is installed from the bottom of the upper case housing and the upper cap 
127 screwed in place until floor 142 is tightly engaged in the upper case. Set screw 146 is 
then inserted in threaded bore 152. 

In Figure 7, another embodiment of the support of the present invention is shown and 
is designated by the numeral 224. In this embodiment, the support 224 has a body 226 having 
an axial bore 228 and an outer diameter 225. The upper end cap 227 has a threaded section 
236 which engages the threads 256 located at the upper end of the bore 228. The upper end 
cap 227 carries annular floor 242 which defines a threaded bore 247 for receiving a set screw 
246. The upper end of the cap 227 defines a conical surface 230 configured to receive a 
bearing assembly in the assembled position. Oil port 250 in floor 242 communicates lubricant 
to a location within the case along passage 257. Thus, the upper end cap 227 provides a 
bearing seat and also serves as an adjustable retainer for securing the support to the upper case 
12. 



The lower end of the body 226 is externally threaded at 239. The surface of the lower 
retainer 240 conforms to the configuration of the upper case 12 at the bottom of the bore 275. 
O-ring 260 seals between the upper and lower case. The retainer has threads allowing the 
retainer to be axially adjusted along the body. Thus, the support can be secured in the upper 
case by selectively adjusting the axial position of either or both retainers 227 and 240. 

In Figure 8, an alternate embodiment of the support of the present invention designated 
by the numeral 324 is shown. In the embodiment of Figure 8, the support 324 has a body 236 
defining a shaft bearing bore 328. The support is received in upper case 12 in bore 356 which 
is machined to form an enlarged upper end bearing cap seat. This area is machined for 
bearings such as a tapered roller or ball bearing and also serves to secure the support 324 from 
lateral movement via the outside diameter. Figure 10 illustrates the machining operations 
necessary to accommodate the support of Figure 8. 

In the embodiment of Figure 8, the support 324 has a body 326 defining a shaft 
receiving bore 328. The support is received in upper case 12 in bore 356 which is machined 
to form an enlarged upper end seat area 390. 

The support has a fixed retainer 340 at the lower end of the body which is configured 
to engage the corresponding surface of the case 12 sealed at O-ring 360 or optional threaded 
retainer 341. 

The upper end of bore 328 is threaded at 356. A bearing cup 327 has a generally 
circular wall 329 which receives bearing and race assembly 395 on 4 angle ball bearing 396. 

The bearing cup 327 has a floor 330 and a depending cylindrical flange 378 which is 
externally threaded at 354 to mate with threads 356 in the upper end of the bore. The support 
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324 is installed with the lower retainer 340 positioned as shown engaging the lower end of the 
upper case. The bearing cup 327 is threaded into the bore and tightened until the support is 
securely held by the lower, fixed retainer 340 on the optional threaded retainer 341 screwed to 
external threads 343 and the floor 342 of the bearing cup abutting recess bore 376. 

While the invention has been described with reference to modification or retrofitting in 
existing stern drive units, it will be appreciated that the support may be incorporated s original 
equipment in a new manufactured unit. 

It will be obvious to those skilled in the art to make various changes, alterations and 
modifications to the invention described herein. To the extent such changes, alterations and 
modifications do not depart from the spirit and scope of the appended claims. They are 
intended to be encompassed therein. 

WE CLAIM: 
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